
c ,  

' Y 
4 .  

BELLCOMM, INC. 
1100 Seventeenth Street, N.W. Washington, D. C. 20036 

SUBJECT: CSM C o n f i g u r a t i o n s  t o  
S u p p o r t  S a t u r n  V Workshops 

DATE : March 5 ,  1 9 6 8  

J .  J .  G a b r i k  
W .  W .  Hough 

FROM : 

ABSTRACT 

A p r e s e n t a t i o n  on CSM c o n f i g u r a t i o n s  f o r  s u p p o r t  of 

O r b i t a l  Workshops l aunched  by S a t u r n  V's was g i v e n  b y  t h e  a u t h o r s  

t o  C .  W .  Mathews on Februa ry  13, 1968 .  C o n f i g u r a t i o n s  o f  CSM's 

used  w i t h  t h e  S a t u r n  1B Workshop were r e v i e w e d .  The AAP-3A 

b a s e l i n e  CSM, w i t h  t h e  same f u n c t i o n a l  r e q u i r e m e n t s  t h a t  e x i s t  i n  

t h e  AAP-3A m i s s i o n ,  was chosen  as one s p a c e c r a f t  i n  t h e  s u b j e c t  

s t u d y .  The same hardware  c o n f i g u r a t i o n ,  l oaded  w i t h  enough 

consumables  f o r  o n l y  a four-day i n d e p e n d e n t  c a p a b i l i t y ,  was t h e  

second  c o n f i g u r a t i o n  s t u d i e d .  A t h i r d  c o n f i g u r a t i o n  used  Block I1 

as a base i n  d e f i n i n g  a l o g i s t i c  CSM t h a t  s e r v e d  t h e  same f u n c t i o n s  

as t h e  second ,  or AAP-3A d e r i v e d  l o g i s t i c  C S M .  

Per formance  margins  were d e t e r m i n e d  f o r  t h e  t h r e e  

c o n f i g u r a t i o n s  as a f u n c t i o n  o f  a l t i t u d e  and i n c l i n a t i o n .  

Maximum pay load  c a p a b i l i t i e s  for b o t h  a s c e n t  and r e t u r n  phases  
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SUBJECT: CSM C o n f i g u r a t i o n s  t o  
S u p p o r t  S a t u r n  V Workshops 

March 5,  1 9 6 8  DATE: 

FROM: J .  J .  G a b r i k  
W .  W .  Hough 

MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

A p r e s e n t a t i o n  on CSM c o n f i g u r a t i o n s  f o r  s u p p o r t  o f  
O r b i t a l  Workshops launched  by S a t u r n  V's was g i v e n  by t h e  a u t h o r s  
t o  C .  W .  Mathews on F e b r u a r y  13,  1968 .  T h i s  memorandum i n c l u d e s  
t h e  view-graphs used  as f i g u r e s  f o r  s u p p o r t  of t h e  t e x t .  F i g u r e  1, 
t h e  i n t r o d u c t i o n  t o  t h e  p r e s e n t a t i o n ,  l i s t s  t h e  t h r e e  c o n f i g u r a t i o n s  
s t u d i e d  and t h e  i tems c o n s i d e r e d  i n  t h e  a n a l y s i s .  

REVIEW OF CSM CONFIGURATIONS FOR THE SATURN 1 B  WORKSHOP 

The c u r r e n t  AAP s c h e d u l e  l i s t s  s i x  CSM's f o r  u s e  w i t h  
t h e  S a t u r n  1 B  Workshop. The f i r s t  CSM, d e s i g n a t e d  A A P - 1 ,  pe r fo rms  
t h e  28-day Workshop-ac t iva t ion  m i s s i o n .  A A P - 3 A ,  t h e  second CSM, 
w i l l  r e v i s i t  t h e  Workshop t o  o b t a i n  m e d i c a l  d a t a  on l o n g - d u r a t i o n  
manned s p a c e  f l i g h t .  The t h i r d  CSM, AAP-3, must rendezvous  w i t h  
t h e  AAP-4  LM-ATM t o  man i t  b e f o r e  r e n d e z v o u s i n g  w i t h  t h e  Workshop. 
Three  a d d i t i o n a l  CSM r e v i s i t  m i s s i o n s ,  d e s i g n a t e d  AAP-5, 6 ,  and 7 ,  
w i l l  r e a c t i v a t e  t h e  ATM and conduct  o t h e r  Workshop e x p e r i m e n t s .  
Excep t  f o r  A A P - 1 ,  a l l  CSM m i s s i o n s  have a p l anned  d u r a t i o n  of  56 
d a y s .  

Changes t o  t h e  Apol lo  Block I1 CSM's t o  meet t h e  above 
m i s s i o n  r e q u i r e m e n t s  a re  accompl i shed  by k i t s . T h e s e  k i t s  modify,  
d e l e t e ,  or add components or subsys t ems  t o  t h e  CSM. D e f i n i t i o n  of  
k i t  r e q u i r e m e n t s  i s  underway a t  MSC and NAR.  A t  t h i s  t i m e ,  32  k i t s  
have  been  i d e n t i f i e d  f o r  AAP-1, 36 k i t s  f o r  A A P - 3 A ,  5 ,  6 and 7 ,  and 
37 k i t s  f o r  AAP-3. The re  a r e  2 3  k i t s  l i s t e d  i n  F i g u r e  3 t h a t  a p p l y  
t o  a l l  t h e  CSM's. The major  d i f f e r e n c e s  i n  t h e  k i t  a s s i g n m e n t s  as 
shown i n  F i g u r e  4 are:  (1) A A P - 1  CSM u s e s  15 Block I1 c r y o g e n i c  
s t o r a g e  t a n k s  and t h e  o t h e r  f i v e  CSM's u s e  7 new AAP t a n k s .  ( 2 )  
These  t a n k  d i f f e r e n c e s  a r e  a l s o  r e f l e c t e d  i n  t h e  k i t s  f o r  w i r i n g ,  
s t r u c t u r e ,  and d i s p l a y s  and c o n t r o l s .  ( 3 )  The AAP-3 CSM u s e s  a 
s o l i d  r e t r o  pack  f o r  t h e  backup d e o r b i t  f u n c t i o n ,  b u t  t h e  o t h e r  
CSM's u s e  RCS f o r  t h i s  f u n c t i o n .  ( 4 )  Except  f o r  A A P - 1 ,  a l l  CSM's 
have  a d e o r b i t  b a t t e r y  f o r  backup i n  t h e  e v e n t  of  comple te  f u e l  
c e l l  f a i l u r e .  
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The weight f o r  each CSM varies with the mission duration, 
the required support functions, and the required kit modifications. 
Presently, the 28 day AAP-1 mission has a positive payload margin 
of approximately 2700 lbs. The 56-day single-rendezvous missions 
(AAP-3A, 5, 6 and 7) show an estimated positive margin of 680 lbs. 
AAP-3, because of its dual rendezvous requirement, has an estimated 
performance deficit of 1350 l b s .  Figure 5 presents the major 
differences in C S M  requirements for the single-rendezvous AAP-3A 
mission and the dual rendezvous AAP-3 mission, and gives resulting 
weight differences. 

C S M  CONFIGURATIONS FOR SATURN V WORKSHOPS 

Three C S M  configurations for use with ground-equipped 
Workshops have been analyzed from the weight and performance 
standpoint. Two and 2 1/2 stage launch vehicle capabilities for 
87,x 120 ncutical mile (NM) initial orbits at inclinations between 
30 and 50 were compared to C S M  inserted weights. The C S M  
weights include SPS and RCS propellants for Hohmann transfer to, 
and rendezvous with, the Workshop at final circular orbits between 
230 and 270 nautical miles altitude. In all cases, SPS propellant 
is included for prime deorbit, and R C S  propellant is included for 
back-up deorbit. 

The format of the presentation is identical for the 
three configurations studied, - four figures are used for each. 
The first figure in each set describes the functions assigned 
to the C S M ,  and includes a brief listing of the modification 
kits incorporated in the configuration. The second figure is a 
weight statement for the configuration, but does not include SPS 
and R C S  propellants; propellants are a function of final altitude. 

The third figure in each set shows the weight and per- 
formance data in graphical form. The solid sloping lines give 
the launch vehicle capability for 87 x 120 NM insertion vs. 
inclination. These lines are identical for all configurations. 
The higher line is for a 2 1/2 stage insertion; SPS flight 
performance reserve has been subtracted to allow a consistent 
camparison with the C S M  weights that include only the propellants 
required after insertion. The lower line is for 2 stage insertion; 
the SLA is subtracted from total capability to allow comparison 
with just the C S M  weight. These figures also show the C S M  weights, 
including propellants for the specified altitude. There is no 
RCS propellant for Workshop attitude control included in these 
values. When a dashed (weight) line is below a solid (capability) 
line, there is a performance margin equal to the difference. 
However, if the dashed line is above the solid line, a performance 
deficit exists. The fourth figure in each set gives the same 
data in chart form. Total C S M  weight is compared with launch 
vehicle capability to give numerical values of performance margins 
(or deficits). 
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The t h r e e  c o n f i g u r a t i o n s  a n a l y z e d  are:  

(1) AAP-3A B a s e l i n e  ( F i g u r e s  6 ,  7 ,  8 o r  9 )  

T h i s  c o n f i g u r a t i o n  was chosen  f o r  t h e  c a s e  where  t h e  
CSM i s  t o  p l a y  an  a c t i v e  p a r t  i n  t h e  m i s s i o n .  I t s  f u n c t i o n s  a re  
i d e n t i c a l  w i t h  t h e  r e v i s i t  m i s s i o n  t o  t h e  p r e s e n t  S a t u r n  I B  Work- 
shop .  It p r o v i d e s  t h e  consumables n e c e s s a r y  t o  m a i n t a i n  i t s e l f  , 
t h e  Workshop, and t h e  crew for 56 days  under  t h e  same g r o u n d - r u l e s  
t h a t  are  used  i n  t h e  p r e s e n t  program ( i . e . ,  t h e  Workshop p r o v i d e s  
CSM power r e q u i r e m e n t s  i n  e x c e s s  of 1 8 0 0  watts,  a m o l e c u l a r  s i e v e  
f o r  C O  c o n t r o l ,  a t t i t u d e  c o n t r o l  of t h e  c l u s t e r ,  e t c . )  D r y  weight  
and co$sumable l o a d i n g s  a re  i d e n t i c a l  t o  t h e  3A c o n f i g u r a t i o n .  A 
two s tage  i n s e r t i o n  g i v e s  p o s i t i v e  per formance  marg ins  o n l y  a t  t h e  
lower  ends  of t h e  a l t i t u d e  and i n c l i n a t i o n  r a n g e s .  A 2 1 / 2  s t a g e  
i n s e r t i o n ,  however, g i v e s  p o s i t i v e  margins  o v e r  t h e  e n t i r e  r a n g e  
of a l t i t u d e s ,  and i n c l i n a t i o n s  c o n s i d e r e d .  

( 2 )  AAP-3A Der ived  L o g i s t i c  CSM ( F i g u r e s  1 0 ,  11, 1 2  and 1 3 )  

T h i s  c o n f i g u r a t i o n  uses t h e  i d e n t i c a l  hardware as 
s p e c i f i e d  i n  t h e  above c a s e . .  I t  i s  loaded  w i t h  consumables  
t o  p r o v i d e  o n l y  a four -day  independen t  c a p a b i l i t y .  The CSM 
i s  p l a c e d  i n  a s t a t e  of  minimum a c t i v i t y  a f t e r  dock ing ,  and 
t h e  Workshop p r o v i d e s  a l l  i t s  i n - o r b i t  r e q u i r e m e n t s .  These a re  
i d e n t i f i e d  i n  F i g u r e  1 0 .  Th i s  c o n f i g u r a t i o n  was a n a l y z e d  because  
t h e  hardware w i l l  b e  t h e  same f o r  f o u r  o f  t h e  e a r l y  A A P  m i s s i o n s  
( 3 A ,  5 ,  6 and 7 ) ,  and t h e  same v e h i c l e  cou ld  be used  i n  t h e  l o g i s t i c  
f u n c t i o n  ( i . e . ,  t h e  c o n t i n u e d  u s e  of  a s t a n d a r d  C S M . )  Al though 
p o s i t i v e  per formance  margins  e x i s t  f o r  t h e  e n t i r e  r a n g e s  of 
a l t i t u d e s  and  i n c l i n a t i o n s ,  h i g h e r  margins  a re  o b t a i n e d  b y  
d e v e l o p i n g  a l o g i s t i c  CSM from Block 11. 

( 3 )  Block I1 Der ived  L o g i s t i c  CSM ( F i g u r e s  1 4 ,  15, 1 6  and 17) 

T h i s  c o n f i g u r a t i o n  h a s  t h e  i d e n t i c a l  f u n c t i o n s  as  t h e  p re -  
c e d i n g  one ,  and w i l l  r e q u i r e  a p p r o x i m a t e l y  the same s u p p o r t  f rom t h e  
Workshop. However, k i t s  r e q u i r e d  t o  e x t e n d  d u r a t i o n  i n  t h e  3 A  
C o n f i g u r a t i o n  are  n o t  i n c l u d e d .  The on ly  major  a d d i t i o n  i n  t h e  
l i s t  of F i g u r e  1 4  i s  t h e  RCS t a n k  farm k i t .  Al though on ly  one 
farm ( i n  a d d i t i o n  t o  Block  I1 t a n k a g e )  i s  r e q u i r e d  f o r  t h e  R C S  
p r o p e l l a n t s  i n c l u d e d  i n  t h e  CSM w e i g h t s ,  two farms a re  added t o  
p r o v i d e  t ankage  f o r  f u e l  t h a t  migh t  b e  r e q u i r e d  f o r  Workshop 
p o i n t i n g  and c o n t r o l .  The per formance  margins  f o r  t h i s  c o n f i g u r a -  
t i o n  a r e  v e r y  h i g h .  
of o v e r  5500 pounds.  

The 270 N M ,  50' c a s e  g i v e s  a minimum margin  

ASCENT AND RETURN PAYLOAD CAPABILITIES 

The SPS and RCS p r o p e l l a n t  q u a n t i t i e s  i n c l u d e d  i n  t h e  
F i g u r e s  of t h e  l a s t  s e c t i o n  were based on t h e  CSM w e i g h t s .  Where 
a marg in  e x i s t s ,  one would expec t  t h a t  margin t o  be  used  f o r  add i -  
t i o n a l  p a y l o a d .  However, some o f  t h a t  pay load  must be p r o p e l l a n t .  
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T h e r e f o r e ,  t h e  t o t a l .  R r o p e l l a n t s  r e q u i r e d  if t h e  CSM i n s e r t e d  
we igh t  ( i n c l u d i n g  t h e  p r o p e l l a n t s )  i s  e q u a l  t o  t h e  i n s e r t i o n  
c a p a b i l i t y  were c a l c u l a t e d  ( 2  s t a g e  i n s e r t i o n  o n l y ) .  These 
p r o p e l l a n t  w e i g h t s  were t h e n  s u b t r a c t e d  from t h e  c a p a b i l i t y ,  
and t h e  r e s u l t s  are shown i n  F i g u r e  1 8 .  Comparison w i t h  t h e  
t h r e e  CSM w e i g h t s  ( w i t h o u t  p r o p e l l a n t s )  g i v e s  t h e  a c t u a l  n e t  
pay load  c a p a b i l i t y .  F o r  i n s t a n c e ,  t h e  n e t  pay load  c a p a b i l i t y  
f o r  a Block I1 d e g i v e d  L o g i s t i c  CSM i s ,  from F i g u r e  1 8 ,  a b o u t  
4600 pounds a t  50 , 2 7 0  NM. The margin  f o r  t h i s  c a s e  w i t h o u t  
a d d i t i o n a l  pay load  was o v e r  5500 pounds.  

Maximum r e t u r n  payload  c a p a b i l i t i e s  are g i v e n  i n  
F i g u r e  19 .  The v a l u e s ,  i n  t h e  ne ighborhood o f  1 0 0 0  pounds,  a re  
b a s e d  on t r a n s f e r r i n g  a l l  p o r t a b l e  equipment  n o t  r e q u i r e d  i n  
t h e  d e o r b i t  phase  t o  t h e  Workshop. F i g u r e  19 i t e m i z e s  t h e  s t e p s  
f o l l o w e d  i n  o b t a i n i n g  t h e  r e t u r n  pay load  c a p a b i l i t y .  
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CSM CONFIGURATIONS TO SUPPORT SATURN v WORKSHOPS 

- CONFIGURATIONS 

AAP-3A B A S E L I N E  

AN A C T I V E  V E H I C L E  

A L O G I S T I C S  V E H I C L E  

L O G I S T I C  CSM DERIVED FROM BLOCK I 1  

- A N A L Y S I S  

FUNCTIONS 

CSM K I T S  REQUIRED 

WE I GHT 

PERFORMANCE MARGINS 

2 STAGE I N S E R T I O N  

2 1 / 2  STAGE I N S E R T I O N  

,ADDITIONAL PAYLOAO C A P A B I L I T I E S  

RETURN PAYLOAD C A P A B I L I T I E S  

MLS 

FEBRUARY 13, 1968  I 

F IGURE 1 

, 



AAP CSM MODIFICATIONS 

REASONS FOR CSM MODIFICATIONS 

MISSION DURATION 

' CLUSTER SUPPORT 

CLUSTER CONSTRAINTS 

DUAL RENDEZVOUS 

BLOCK I 1  MODIFICATIONS BY KITS 

AAP- 1 32 KITS 

AAP-3A,5,6,7 36 KITS 

AAP-3 37 KITS 

FIGURE 2 



AAP CSM M O D I F I C A T I O N  K I T  SUMMARY 

M O D I F I C A T I O N S  TO BLOCK I 1  

ATMOSPHERE CONTROL 

WATER S T E R I L I Z E R  E 

THERMAL MANAGEMENT 

( 2  GAS) 

H 2  SEPARATOR 

E ECS RADIATOR 

UPRATED FUEL C E L L  E VOLTAGE REGULATOR 

CM U M B I L I C A L  

FOURTH ENTRY BATTERY (REPLACE PYRO) 

I M U  COOLANT BYPASS 

AUGMENTED R C S  ( 2  TANK FARMS) 

SPS TANK REMOVAL E SYSTEM UPGRADING 

CLUSTER AUDIO, CAUTION E WARNING 

VHF, VOICE, DATA, S I G N A L  COND, TLM 

UPDATA L I N K  EXPANSION 

DELETE H I G H  G A I N  ANTENNA E RENDEZVOUS 
TRANSPONDER 

VHF RANGING E ANTENNA, RELOCATION 

TELEPRINTER 

A P P L I C A B L E  TO A L L  CSM'S 
A A P - 1 , 3 A P 3 , 5 , 6 , 7  

A 3  

A 6  

A7, A 8  

E4, E l  

E 2  

E 5  

N 2  

P 2  

P4, P 1  

T1,  T 1 1  

T2, T3,  T 7  

T 6  

TS, T 1 0  

T12,  T 1 4  

T 1 3  

F IGURE 3 



AAP CSM M O D I F I C A T I O N  K I T  SUMMARY 

K I T  DIFFERENCES 

M O D I F I C A T I O N S  TO BLOCK I 1  

U R I N E  WASTE WATER DUMP 

REDUNDANT BATTERY CHARGER 

RETURN BATTERY PACK 

CRYOGENIC STORAGE C02,H2,N2) 

SM E CM W I R I N G  CHANGES 

S O L I D  RETROPACK (PHOENIX)  

CM DISPLAYS,  CONTROLS, 
CAUTION E WARNING 

WASTE MANAGEMENT K I T  

SM E CM STRUCTURAL CHANGES 

PLSS ( 2 )  

EXPERIMENT STORAGE 

AAP-1  

E7, BLK I 1  
TANKS 

E9,E lO 

T4, T8  

x7 ,  X 8  

x 3  

x 1  

,AP-3A, 5,6,7 

A4, A 5  

E 3  

E 6  

E8  - 7 AAP 
TANKS 

E l l ,  E 1 2  

T5, T 8  

x 9 ,  x 1 0  

x 3  

xu311 

AAP- 

A4, A 5  

E 3  

E 6  

E8  - 7 AAP 
TANKS 

E l l ,  E 1 2  

P 3  

T5, T8  

x 1 2  

X9, x 1 0  

x 2  

F IGURE 4 



SUMMARY OF AAP-3A & AAP-3 DIFFERENCES 

3 A  A T 0  3 

S I N G L E  RENDEZVOUS REQUIREMENT 

OFFLOAD R C S  PROPELLANT & TANKS 

OFFLOAD SPS PROPELLANT 

NO LM OR LM/MDA INTERFACE 

' ADD O 2  TO SM (FROM LM) 

DELETE LM AND LM/MDA LEAKAGE 

ADD 2 PLSS U N I T S  I N  CM (FROM LM) 

DEORBIT  BACKUP CHANGE 

' REMOVE S O L I D  RETRO PACKAGE 

- 2 6 8 0 #  

- 7 0 0  

+ 1 2 0 0  

- 3 0 0  

+ 1 5 0  

- 1 3 0 0  

ADD R C S  PROPELLANT AND TANKS + 1 6 0 0  

3 A A  TO 3 - 2 0 3 0 #  

AAP-3  WEIGHT MARGIN - 1 3 5 0 # 1  
I 

2 0 3 0  3 A  WEIGHT IMPROVEMENT 
- -- ---- 

AAP-3A WEIGHT MARGIN + 6 8 0 #  

FIGURE 5 



_ _ -  

I’ 

AAP-3A CSM CONFIGURATION 

FUNCTIONS 

- DEORBIT  BACKUP OF SPS BY RCS 

- S I N G L E  RENDEZVOUS 

- CSM FCP LEVEL OF 1 8 0 0  WATTS 

- SUPPLY AND M A I N T A I N  A CLUSTER TWO GAS ATMOSPHERE 

- SUPPLY 56 DAYS OF FOOD 

- SUPPLY 28  DAYS OF L I O H  

BLOCK I 1  K I T  M O D I F I C A T I O N  SUMMARY 

REMOVE S P S  STORAGE TANKS E 1 H E L I U M  TANK 

REMOVE BLOCK I 1  CRYO TANKS& ADD 7 AAP CRYO TANKS 

ADD 2 RCS TANK FARMS 

ADD CONTROLS FOR 2 GAS ATMOSPHERE 

ADD REiTilRN BATTERY AND REPLACE RE-ENTRY PYRO BATTERY 

UPRATED FUEL CELLS 

ADD A U D I O  HARDLINE AND CLUSTER CAUTION AND WARNING 

DELETE LM TRANSPONDER AND H I G H  G A I N  ANTENNA 

ADD INSTRUMENTATION, WIRING, REGULATORS, D I S P L A Y S  AND 

CONTROLS A S  REQUIRED 

ADD WASTE WATER DUMP, WATER S T E R I L I Z E R ,  HEATERS, BLANKETS 

ADD 2 PLSS U N I T S  

FIGURE 6 



CM 

SM 

EMPTY 

AAP-3A BASELINE WEIGHT STATEMENT 

( L E S S  PROPELLANTS) 

14030  

NON-EXPENDABLE LOAD 

CREW SYSTEMS 
RCS RESIDUAL 
ECS 
EXPTS, SUPPORT 

EXPENDABLE LOAD 

RCS 
ECS 

EMPTY 

NON-EXPENDABLE LOAD 

R C S  RESIDUAL 
SPS RESIDUAL 
C R Y 0  RESIDUAL 

1607 
45 

3 0 7  
1 5  0 

2 2 5  
76 

20 8 
562 

70 

11620 

2109 

3 0 1  

15854(+PROPELLANTS)  

1 1 1 4 3  

8 4 0  

EXPENDABLE LOAD 3 8 7 1  (+PROPELLANTS) 

PROPELLANTS FUbi fT IOb i  OF ALTITUDE,  
I N C L I N A T I O N ,  EXPT.  REQUIREMENTS, 

3 2 8 3  

SPS 
RCS 

O 2  

H 2  

N 2  

AAP-3A B A S E L I N E  CSM WEIGHT 

2 2 5  

36 3 

2 9 8 8 4  (+PROPELLANTS) 

FIGURE 7 
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AAP-3 A DERIVED L O G I S T I C  CSM 

FUNCTIONS 

- S I N G L E  RENDEZVOUS 
- DE-ORBIT  BACKUP O F  SPS BY R C S  
- FOUR-DAY INDEPENDENT C A P A B I L I T Y  

POWER . UPHATED FUEL CELLS FOR ASCENT AND RENDEZVOUS 
B A T T E R I E S  FOR DE-ORBIT 

FOOD, LIOH, ETC. FOR 4 DAYS 
PURE O 2  ATMOSPHERE 

WATER FROM FUEL CELLS 

L I F E  SUPPORT 

GASEOUS O 2  SUPPORT FOR DE-ORBIT 

- OWS S U P P L I E S  A L L  CSM I N - O R B I T  REQUIREMENTS 

POWER (1-2 KW) 

CONTINUOUS HEATER AND SYSTEM STANDBY . I N T E R M I T T E N T  CSM STATUS MONITORING 

LOW-DUTY-CYCLE OPERATION OF SUBSYSTEMS WHICH E X I B I T  
(INSTRUMENTATION, C E D, TELEMETRY) 

DEGRADATION W I T H  NON-OPERATION 
ATMOSPHERE C I R C U L A T I O N  AND LEAKAGE MAKEUP WHEN CSM I S  

C R I T I C A L  CSM SUBSYSTEM WARNING PANEL 
OPEN TO OWS 

- CSM O R B I T A L  L I F E T I M E  

INDEPENDENT O F  CSM CONSUMABLES 
DEPENDENT ON SYSTEM DEGRADATION, WEAROUT 

BLOCK I 1  K I T  M O D I F I C A T I O N  SUMMARY 

- REMOVE SPS STORAGE TANKS E 1 H E L I U M  TANK 

- REMOVE BLOCK I 1  C R Y O  TANKS G ADD 7 AAP C R Y O  TANKS 

- ADD 2 RCS TANK FARMS 

- ADD CONTROLS FOR 2 GAS ATMOSPHERE 

- ADD RETURN BATTERY AND REPLACE RE-ENTRY PYRO BATTERY 

- UPRATED FUEL CELLS 

- ADD A U D I O  HARDLINE AND CLUSTER CAUTION AND WARNING 

- DELETE LM TRANSPONDER AND H I G H  G A I N  ANTENNA 

- ADD INSTRUMENTATION, WIRING, REGULATORS, D I S P L A Y S  AND 

- ADD WASTE WATER DUMP, WATER S T E R I L I Z E R ,  HEATERS, BLANKETS 
- ADD 2 PLSS U N I T S  

CONTROLS AS REQUIRED 

FIGURE 1 0  
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AAP-3A D E R I V E D  L O G I S T I C  CSM WEIGHT STATEMENT 

CM 

EMPTY 

NON-EXPENDABLE LOAD 

CREW SYSTEMS 
R C S  RESIDUAL 
ECS 
EXPTS, SUPPORT 

EXPENDABLE LOAD 

R C S  
ECS 

SM 

EMPTY 

1 0 3 9  
45 
86 

301 

225 
76 

11620 

1170 

12303 
(+PROPELLANTS) 

1 1 1 4 3  

793 NON-EXPENDABLE LOAD 

208 
562 
23 

R C S  RESIDUAL 
SPS R E S I D U A L  
C R Y 0  RESIDUAL 

EXPENDABLE LOAD 367 (+PROPELLANTS) 

PROPELLANTS FUNCTION OF ALTITUDE,  
RCS I N C L I N A T I O N  

337 
30 

O2 
H2 
N2 0 

sps 1 

AAP-3A DERIVED L O G I S T I C  CSM WEIGHT 25394 
(+PROPELLANTS) 

F IGURE 11 
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BLOCK I 1  DERIVED L O G I S T I C  CSM 

FUNCT IONS 

- S I N G L E  RENDEZVOUS 
- DE-ORBIT  BACKUP OF SPS BY R C S  
- FOUR-DAY INDEPENDENT C A P A B I L I T Y  

* POWER 
BLOCK I 1  F U E L  CELLS FOR ASCENT AND RENDEZVOUS 

* B A T T E R I E S  FOR DE-ORBIT 
L I F E  SUPPORT - FOOD, L IOH,  ETC. FOR 4 DAYS 

PURE O2 ATMOSPHERE 

* WATER FROM FUEL CELLS . GASEOUS O 2  SUPPORT F O R  DE-ORBIT  

- OWS SUPPLIES A L L  CSM I N - O R B I T  REQUIREMENTS 

* POWER ( 1 - 2  KW) 
* CONTINUOUS HEATER AND SYSTEM STANDBY 

I N T E R M I T T E N T  CSM STATUS MONITORING 
( INSTRUMENTATION, C E D, TELEMETRY) 

LOW-DUTY-CYCLE OPERATION OF SUBSYSTEMS WHICH E X I B I T  
DEGRADATION W I T H  NON-OPERATION 

* ATMOSPHERE C I R C U L A T I O N  AND LEAKAGE MAKEUP WHEN CSM I S  
OPEN TO OWS 
C R I T I C A L  CSM SUBSYSTEM WARNING PANEL 

- CSM O R B I T A L  L I F E T I M E  

' INDEPENDENT OF CSM CONSUMABLES 
DEPENDENT ON SYSTEM DEGRADATION, WEAROUT 

BLOCK I 1  K I T  M O D I F I C A T I O N  SUMMARY 

REMOVE 1 BLOCK I 1  O2 AND 1 BLOCK I 1  H2  TANKS 

AED 2 R C S  TANK FARMS 
ADD RETURN BATTERY AND REPLACE RE-ENTRY PRY0 BATTERY 
ADD 2 PLSS U N I T S  
REMOVE SPS STORAGE TANKS E 1 H E L I U M  TANK 
REMOVE LM TRANSPONDER AND H I G H  G A I N  ANTENNA 
ADD INSTRUMENTATION, WIRING, REGULATORS, D I S P L A Y S  AND 
CONTROLS AS REQUIRED 
ADD HEATERS, BLANKETS 

1 AAP-3A K I T S  NOT INCLUDED 
- AAP C R Y 0  TANKS 
- CONTROLS FOR 2 GAS ATMOSPHERE 
- UPRATED FUEL CELLS 
- WASTE WATER E U R I N E  DUMP - WATER S T E R I L I Z E R  E H2 SEPERATOR 

FIGURE 1 4  
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SM 

BLOCK I 1  DERIVED L O G I S T I C  CSM WEIGHT STATEMENT 

EMPTY 

NON-EXPENDABLE LOAD 

CREW SYSTEM 
RCS R E S I D U A L  
ECS 
EXPTS, SUPPORT 

EXPENDABLE L0A.D 

R C S  
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EMPTY 

NON-EXPENDABLE LOAD 

R C S  RESIDUAL 
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1170 
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367 (+PROPELLANTS) 

PROPELLANTS FUNCTIQN O F  ALTITUDE, 
I N C L  I NAT ION 

337 
30 

SPS 
R C S  

O 2  

H2 

BLOCK I 1  DERIVED L O G I S T I C  CSM WEIGHT 22950 (+PROPELLANTS) 

FIGURE 15 
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MAXIMUM RETURN PAYLOAD C A P A B I L I T I E S  

- AAP-3A B A S E L I N E  & L O G I S T I C  CM'S 981 LBS 

- BLOCK I 1  DERIVED L O G I S T I C  CM 1 0 4 0  LBS 

REDUCTIONS TO L I F T - O F F  WEIGHT TO O B T A I N  RECOVERY WEIGHT WITHOUT 
PAY LOAD 

REDUCE CREW SYSTEMS LOAD TO 8 3 0  L B  

E L I M I N A T E  ECS NON-EXPENDABLE LOAD 

E L I M I N A T E  EXPERIMENTS 

E L I M I N A T E  FORWARD HEAT S H I E L D  ( - 2 8 6  L B )  

E L I M I N A T E  DOCKING MECHANISM ( -139 LB)  

USE RCS ( - 2 2 5  L B )  

ABLATE HEAT S H I E L D  ( -127 L B )  

COMPARE TO 1 3 0 0 0  L B  RECOVERED WEIGHT CONSTRAINT TO O B T A I N  
ALLOWABLE PAYLOAD 

(FOR H I G H - A L T I T U D E  ABOP.T, SAME CONSTRAINT L I M I T S  CM L I F T -  
OFF WEIGHT TO 13,500 L B S .  1 3 0 0 0  INCLUDES WEIGHT OF 
CHUTES, AND G I V E S  FACTOR OF SAFETY OF 1 . 3 6  ON C M  STRUCTURE 

DEPLOYMENT) 
FOR H I G H - A L T I T U D E  ABORT W I T H  ONE DROGUE, THREE M A I N  CHUTE 

FIGURE 1 9  
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